FastQC [32] and low-quality reads were trimmed using Trimmomatic [33] . Trimmed reads were 139 then aligned to the A. palmata genome [34] using STAR [35] with the provided GFF file used for 140 gene annotation and function. Because A. palmata shows stable symbioses with Symbiodinium 141 (Clade A) over time and space [36] , reads that did not align to the A. palmata genome were 142 aligned to a Symbiodinium (Clade A) annotated transcriptome [37] . A. palmata and 143 Symbiodiniaceae aligned reads where then quantified using Salmon [38] before being read into R 144 (v3.6.1) and RStudio (v1.2.1335) using tximport [39] . An initial filtering for A. palmata (less 145 than 1 count in greater than 15 samples), and for Symbiodiniaceae (less than 1 count in greater 146 than 20 samples) was done using the counts per million (CPM) function in EdgeR [40] . Filtered 147 counts were then used for differential gene expression analysis and co-expression analysis. PlotPCA function was used to identify sample distribution for A. palmata and Symbiodiniaceae 152 over multiple principal components (PCs) and plotted using ggplot2 [41] . To identify genes 153 driving sample grouping in the PCA, loadings were extracted for PCs deemed interesting, and 154 any genes with a +/-2 standard deviation (SD) were retained for Gene Ontology (GO) analysis. 155 We used a +/-2 SD so to have a non-biased cut-off which was the same for each set of genes 156 identified from A. palmata and Symbiodiniaceae. 157 Coral host differential expression between Baseline and disease 158 outcomes, and shared genes between contrasts. 159 DeSeq2 [41] was used to analyze differential gene expression for the A. palmata 160 quantified transcripts. The model ~Year + Group was used to account for batch effects caused by 161 different preservation methods used between the different years, while 'Group' encompassed 162 Baseline and disease outcomes (Exposed: No transmission and Exposed: Transmission The two sets of significantly differentially expressed genes were then analyzed to identify 170 any shared genes between the two contrasts (Baseline Vs Exposed: No Transmission, and 171 Baseline Vs Exposed: Transmission). The L2FC for each contrast was compared to identify any 172 differences in expression directionality due to disease outcome, and the full set of common genes 173 are used in GO analysis.
Weighted gene coexpression network analysis 175
To identify groups of coexpressed transcripts that correlated to Baseline and disease 176 outcomes, a weighted gene coexpression network analysis (WGCNA; [44]) was used. Due to 177 disease outcome being identified on PC axis 2 (Fig 2, B (less than 1 count in greater than 20 samples).
222
Year was the greatest driver of gene expression for A. palmata within these GO terms identified 4 heatmap clusters (Fig 3, A) . All genes linked to ribosomal processes showed lower normalized counts in 2017 than 2016, while GO terms with potential 237 immune genes and functions showed higher normalized counts in 2017 than in 2016 (Fig 3, A) . (TLR) 2, and 2 genes similar to TLR 6 complexes (Fig 4, B ). There were also lectin pathway Histamine H1 receptor, Macrophage mannose receptor 1, two NOD-like receptor proteins, and a 313 neurogenic locus notch protein (Fig 4. B) . Innate immune genes involved in signaling pathways 314 were also present, including TLR signaling pathway components such as; Deleted in malignant 315 brain tumour 1, CCAAT/enhancer-binding protein gamma, Gremlin 1 and 2, NACHT LRR and 316 PYD domain contain proteins 12 and 9A, TNF receptor-associated factor 3, TNFAIP3-317 interacting protein 1, and E3 ubiquitin-protein ligase TRIM56 (Fig 4, B) . There were also genes Interferon-inducible GTPase 1 and interferon regulatory factor 8 ( Figure 4B ). All significant GO 323 terms and associated genes are available in Supp 5.
324
Co-expression analysis identifies positively correlated modules of 325 immune genes and lipid biosynthetic processes to disease 326 exposure. 327 After merging of similar modules, we identified 19 coexpressed modules that contained 328 76 to 2027 genes ( Fig 5A, Supp 7) . Of these 19 modules, 8 showed significant correlations to 329 Baseline and disease outcomes (Exposed: No Transmission, and Exposed: Transmission) ( Fig 5   330 B). Gene lists for all modules is provided in Supp 8. The 'Skyblue' module was significantly enriched for only lipid biosynthetic processes.
362
Three modules were significantly correlated to Baseline and Exposed: No transmission; Isopentenyl-diphosphate Delta-isomerase 1), and 'Mediumpurple' (97 genes, hub gene = 365 pyridoxine-5`-phosphate oxidase) at p≤0.05 ( Figure 5, B) . The 'Cyan' module was significantly 366 enriched (FDR, p<0.01) for 40 GO Biological Processes that included genes involved in cell 367 adhesion, immune responses (complement activation, leukocyte mediated immunity, regulation 368 of coagulation), and metabolic/catabolic processes but showed negative correlations with disease outcomes (Fig 5, C) . 'Mediumpurple' was enriched for GO terms involved in respiration 370 (electron transport chain, oxidative phosphorylation, ATP synthesis) as well as biosynthetic 371 processes and the positive regulation of necrotic cell death. 'Grey60' was enriched for three GO 372 terms: cellular metabolic processes, nitrogen compound metabolic processes and cellular 373 nitrogen compound metabolic processes.
374
Two modules were significantly correlated to Baseline and Exposed: Transmission; Our study demonstrates that A. palmata mounts a similar immune response to disease as 382 seen in other stony coral species [18] [19] [20] [21] [22] [23] [24] [25] , with transcriptomic analysis also identifying potential 383 coral and Symbiodiniaceae mechanisms for higher disease virulence in 2017 [30] . We also found 384 that within Symbiodiniaceae, genes linked to ion transport had higher normalized expression in 385 2017 compared to 2016. This indicates the higher disease prevalence observed by [30] was due to Previously it was found that there were higher rates of disease incidence in the grafting 391 experiments from 2017 compared to 2016 [30] . This increase in disease incidence was 392 hypothesized to be attributed to heightened disease virulence and/or more susceptible genotypes 393 used in 2017 compared to 2016 [30] . In the current study, we included three genotypes that were 394 used in both 2016 and 2017 challenge experiments; HS1, ML6 and CN3 (Table 1) . Samples from 395 these genotypes clustered with the year they were exposed to disease, indicating that genotype 396 susceptibility was probably not the cause for the differences in disease prevalence (Fig 2, A) .
397
Our results indicate that other factors such as disease type, disease virulence, and the base health 398 of the coral could be potential factors that led to the higher incidence of observed diseases in 399 2017 [10, 26, 47] . Additionally, we identified that the A. palmata genes driving the difference 400 between 2016 and 2017 were putative coral ribosomal proteins ( Fig 3A, Supp 1) . These genes 401 had lower overall normalized counts in 2017 compared to 2016 and were involved in translation, 402 rRNA processing, and ribosome biogenesis ( Fig 3A) . The production of ribosomal proteins are 403 key for the translation of mRNA into proteins, and thus gene expression. The potential reduction 404 in the transcription of these genes in 2017 indicates that the protein production machinery may 405 have been compromised, leading to less physiological and immunological homeostasis and thus 406 higher amounts of disease prevalence [30, 48, 49] .
407
Conversely, in Symbiodiniaceae, the genes driving the separation of the samples from 408 2016 and 2017 had higher levels of expression in 2017, with the majority of these genes being involved in ion transmembrane transporter activity ( Fig 3B) . We hypothesize that this inverse 410 pattern of expression to the A. palmata expression could indicate that in 2016 the symbiotic 411 relationship was in equilibrium between the host and Symbiodiniaceae but in 2017, a dysbiosis 412 between host and Symbiodiniaceae was present. This may be due to two potential mechanisms.
413
In 2017, Symbiodiniaceae health may have been limited by certain ions due to a more virulent 414 disease, or an external abiotic factor causing negative impacts. As such, increased expression of 415 genes regulating ion exchange to different molecular compartments was increased to maintain 416 ion balance needed for cellular functions. In Symbiodiniaceae we identified genes encoding for 417 plasma membrane iron permease, voltage-gated sodium channels for sodium transport, Enrichment of cell adhesion genes was found in corals that did The 'Skyblue' coexpression module showed a positive correlation with disease outcome 490 ( Fig 5B) , with significant enrichment of the GO term 'lipid biosynthetic processes'. This, 491 coupled with the differential gene expression between Baseline and Exposed: Transmission, 492 indicates that A. palmata was mounting an energetically expensive immune response to the 493 disease challenge. Furthermore, the enrichment of lipid biosynthetic processes in the 'skyblue' 494 module may indicate that the corals sampled in this study have stored energy, in the form of lipids, which can be metabolized and assist in promoting a stronger inflammatory response and 496 fighting off pathogens [89] . This idea has been proposed in other transcriptomic studies on coral 497 disease [25] indicating that this could be integral to multiple coral species disease responses. In 498 the future, linking A. palmata lipid production and storage with disease susceptibility may be an 499 important metric for understanding their capacity of resistance and recovery in relation to 500 disease. Genotypes with a higher capacity of lipid production and storage may also be able to 501 initiate a stronger immune response. This has been shown to be true in coral bleaching, namely 502 that individuals with higher lipid stores were able to survive without the Symbiodiniaceae for 503 longer periods of time. This is due to lipids being burnt by the coral resulting in energy allowing
504
continued key life dependent functions [90] [91] [92] . This may also be true for disease, with 505 individuals and genotypes with higher lipid stores able to mount a stronger and/or longer 506 immune response.
507
'Brown' module is rich in innate immune genes and the hub gene, 508 D-amino acid oxidase, is a critical immune factor involved in A. 509 palmata disease response.
510
The "Brown" coexpression module showed increasing positive correlations with disease 511 outcomes ( Fig 5, C & D bacteria have been shown to have resistance to host DAO while also being able to manage levels 526 through the TLR-to-NF-kappa-B pathway [95] . We therefore hypothesize that DAO could have a 527 dual role in A. palmata as it is important in the immune response, as well as maintaining 528 symbiosis with coral microbial partners as in other organisms [95] with future research needed to 529 characterize its role.
530
Conclusions and future directions 531 Within this study, we present evidence that A. palmata initiated an immune response to a 532 disease challenge assay. We identified genes linked to corals that showed no signs of disease 533 (Exposed: No transmission) which is a factor to consider when looking at disease resistance.
534
Furthermore, we identified sets of genes that show high similarity to other coral disease 535 transcriptomic studies [18] [19] [20] [21] [22] [23] [24] [25] when disease signs are visually present (Exposed: Transmission).
536
Since the response to disease exposure in A. palmata is similar to other coral species, we can 537 now start to explore putative genetic mechanisms which confer genotypic disease resistance, and 538 mechanisms that could cause increases in disease susceptibility. This work has important implications for restoration practitioners, as it may help increase outplant survival efforts through 540 development of novel diagnostic markers and identification of genotypic resistance, while also 541 expanding the current knowledge on the evolutionary history of innate immunity in corals and 542 invertebrates.
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